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Module Ho: 




ttodule Title: 

pH ^ . ■ 


; 






* 


Topics; 






lApprox. Time: 


^Definition of pH ' 
pH Measurement System 
pH Measurement 
Electrode Maintenance 

•^Buffers 







Objectives:^ 

Upon completion of this moduli* the participant should be able to:. 
1. Determine the pH of a sample^using a pH meter and electrode. 



Instructional Aids: 

Overheads 
Handout 



Instructional Approach: 

Lecture 
Lab 



1 ' 



References: 



1. Willard, Merrit", Dean - Instrumental Methods of Anal vsiS, .5th Ed., €hap. 20 

D. Vati Nostrand Cq. ^ . ^ / ; ' • , I 

2. ' Modem Chemical Technologyj^ Volume 3, Amerricar^ Chemical , Society. 
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Instructional 'Aids j 

Overheads " - . 

Typed overheads'are avi example of overhead layout and content. ^F,or 
classroom use the overhead should be constructed Qsing c\)lored/l/4 inch 
dry transfer letters . • - ' - ■ > . • 

Other ovef heads may be copied directly. . 

Handouts . - ' ^« . • ' ' • 

Handouts may be copied directly. 

Lab supplies and apparatus ^^y^/ 

Supplies and apparatus should be supplied per handouts so that participants 
may work in groups of 2'or 3: ' ^ ' ^ ' 
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Module Ho: . 



Approx. Time: 
« 

30 Min. 



Itodule Title: 

pH Measurement J - 



Submodule Title: 



Topic: 

Definition of pH 



Objectives: 



When the participant completes this modulp, they should* be able to: 



l; Define pH -V. 

2* Indicate that pHj's a mathematical expression for the actual hydrogen ion 
concentration iri water. ^ < - • . 

3. Explain that water dissociates into hydrogen .ions and hydroxide jons and 
that the concentration of those two ions in pure'water is 10^7'ntolar^. 

4» Indicate that a change in /I. pH unit is equivalent to a 10-fold„^ctiange In 
\hydrogen ion concentration^ 



Instructional J\ids: 



Overheads 



Instructional Approach: 



Lecture 



References: . . ^ • ; * 

L Willard, Merrltj Dean - Instrumental Methods of Analysis, 5t|i ^d.. Chap. 20,' 

D» Van NostranJ Co* * " * f 
,2» Modern Chemical Technology; Volume 3, Ameri'can themical Society* 



Class Assignments: 



? 



Module No; 



I-ns,tructor Notes: ^ 



Overhead Page 



Overhead Page 



Overhead Page 



Topic: 

Definition of pH 
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Instructor OutHne: 



1, 



Define -pH 



2'. Indicate that pH Is a mathematical expression 
_ for the actual hydrogen ion concentration in- 
waTer* » ^n,^ 

3. ^xplaTn that water dissociates, into hydrogert 
ions and, tfiat the concentration of those 
. two ions in pure water is 10-7 molar^ • 

■4. Indicate that.a change in 1 pH unit is • 
equivalent to a 10-fold change in hydrogen 
ion concentration. . 



Review loas 
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Transparancy. 
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I: 



Module No: 



^pprox. Time: 
.30 Min. 



Upon cpnpletion this module, the paijtici pant- should be able to: 

1/ Identify the parts of a pH eleclJrode, reference electrode, and combination 

electrode. ' - ^ ' ^ ' » / , , ^ 

*2^- Identify the. 4 parts of the pH measurement system and indicate* the wealc ^ 

links -in the system. • ' ' * , . . 

S^.^'-^dertti fy the controls and connection 'poi^nts on a^common pH meter. 



I - 



.er|c > 



ftoUuleyTitle:' 

pH Measurement 



. ♦ ( 



Submodule Title: 



Topic: 

' pH Measurement System 



Objectives: 



Instructional Aids: ^ 
Overheads 



lnit'ru?t1oiial Apfjroach: 
Lecture 




References:',- 



1. ' Wniard, Mern't,. Dean - JnstrumeTilal Mathods of Analysis, 5th' Ed. , Cbap. 20 
• D. Van- ND5trand..Co., < \ • " ^ . " ■ • 

2. 'Modern Ch^mica-l Techndtogy,, Udlume 3,- American ChemicaT Society. ~ "\ ':' 



Class Asjstgnn)enti: 



T 



1-2. 



4- J ' 



HoduTe Wo: 



Instructor Notes: 



Overhead Page^ 
Overhead Page^ 
• Overhead -PageJ 
Overhead Page* 



Overhead Page ' 



Tofiici 



Page ^.^ of 



37 



Instructor Outline: 



1. a. De^crfb'e'the glass! 4)H electrode . 

b. Indicate how the electrode functions. 

c. Identify the parts of a pH electrode.. 

' d. Identify the parts of a reference electrode! 

^ e. Ide^rUfy the parts of a,ct)mbinatioo ejectrode. 



2. a. Identify the 4 parts of the pH measurement' 

. system. • . ^ ^ , 

3. ^ Identify the .controls and connection points^ on. 
' . a common pH meter. 

tW types of plugs on pH electrodes and on 
re-ferencte electrodes. 

List the ^pntrols and' use, 

4. Discuss- expanded ssalepH meters 



0 
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Transpa{^cy 



The glass. electrode cx)M^rises/ thin-wall£D bulb of. cation-' , 
responsive g|j^s sealed to a stem of nondfiilon-responsive^ 

HIGH-RESISTANCE GLASS. ThE ELECTRODE IS FILLED WITH AN ' ' 
ELECTROLYTE OF HIGH BUFER CAPACITY AND INTO THIS BUFFER • 
DIPS AN INNER feFERENCE ELECTRODE. . • • \ ' . 

I 

/ * 

Both surfaces ^f the glass membrane are caticn-responsive. . 
Changes in the electriq\l potbtfial of the- outer "mbibrane 

surface, are MEy^URED BY AN ^EXTERNAL REFERBICE ELECTRODE 

m its associated'^sAlt bridge. . 
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ReferengJe 

Ei^cttode 



J* 



Internal 

Buffer 

Sollttion- 



Hydrated 

Glass-Gel 

Layer 



Dry 

Glass 

Layer- 



Hydrated 

Glass-Gel 

Layer 



Standard 
Or Unknown 
Solution 



15 



CO- 



GLASS 
ELECTRODE 



r 



"^Intet'nal 
^ Buffer 
Solution 



r 




Internal 

Element 



Glass 
embrane 



16 



Page. 16 of 37" * 



nternal 
lement 




/KCI Crystal 



17 



1 



ERIC 



'P&ge 17 of 37 




KGI 
Solution 



Reterencevii 
Interital ^ 
Element 

Junctio 




Internal 
Buffer 



Internal 
Element 



diass ~ 



18- 



Page 18' of 37 




< 



eter 



Reference 



ectrode 



KCI 

Soluton 



Glass 




\ 



r 



UMKMOWN 
OLUT/ION 



Glass 
Membrane 




•5 

; • pH METERS ; 
CONTROLS .AND CONNECTION^ POINTS 



'K Off - stand-by, - ^r6ad switch 

'II. Calibration contrpl ^ 

III. Temperatur control . (slope) 

I^V. Glass electrode input 

V. Reference electrode inj)ut 



Optional 



Nlilivolt switch . 
Auto-temperature control 
Expanded scale switch - 
Secondary slope contrpl 



20 
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^Temperature or Slope Control 

Ty\v 




Rdr precise work^ expanded scale pH neters are )^ILABLE^ 

IN WHICH THE Ehfri RE SCALE COVERS ONLY 1 OR 2 pH UNITS. . ' 
On these METERS THE pH CAN^E 'rEAD TO 0.005. ' ' 



CAUTION: Just because "a meter can. be rbad'to n.005 units 

DOES NOT MEAN IT IS ACCUR/^TE TO (XOTB UNITS. ThE M^TER IS 

ONLY AS ACCURATE AS THE STANDARD USED TO CALIBRATE IT. 

' / ' 



Module No: 



Approx, Tlite: 
1 hour 



r L Y ■ , ■ 

Module Title:* • 

p/l Measurement 



Submodule' Title: 



Topic:' 

pH Mefasurement 



Objectives.: 

Upon completion of this modillle, the participant should be able to: 

1. Standardize " a' pH meter using a single buffer. * * - 

2. Standardize a pH meter using a two buffered system. 

3. Determine the pK of a highly- buffered solution and an unbufferecj solution. 



Instructional Aids: 



pH meter arid electrode 
pH buffersM, 7, 9 

Distil led' watered ^ . - * 

Acetic acid 1% + Sodium acitate 1% solution 



Instructional Approach: 
Lab ' ^ . 



References: 



J 



1. Wi.llard, Merrit, Dean - Instrumental Methods of Analysis^ 5th Ed., Chap. 20, 
D. Van Nostrand Cor • ' . 

2. ' Modern Chemical Technology^ Volume 3, American Chemical Society. 



Class Ass ignntents: ' 



V 
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ModSle Ho: 


Topic; 




Instructor Notes: 


Instructor Outrine: ' . . 


Overhead Page . 




1. Standardize a pH meter using ci single buffer. 






2. S^tandardize a pH meter using a two buffered' 
system. 


« 


- 


3. Determine the pH* of a highly buffered solution 
, and an^ unbuffered solution. ' 

4. Have participants stand^rdize.^a pH meter. ^ 

0. nave parti cigants aetermine pn of some common 
solutions, 


1 

' X 
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Transparancy 



To CALIBRATE THE METER/OUE ELECTRODES ARE PLACED IN A 

A,' 

SOLUTION OF KNOWN pH AND THE I^ET^ IS ADJUSTED TO READ. 
"IHAT' VALUE. - ' 



to CHECK "mE OPERATION OF THE fCTER AFTER CALIBRATION . 
WE ELECTRODES ARE PUCED IN A^SECOND BUFFER SOLUTION. ' 



If the meter does not read the pH of ^e second buffer 

SOLUTION^ A SPECIAL- FINE ADJUSTMENT CAN BE MADE._ChECK 
the" OPERATION MANUAL BEFORE YOU MAKE THIS. ^USTMENT. 
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Module f(o:, 



Jtodt^^e^TUie^ 

^Measurement 



Submodule Title: . 



Topic: 

Electr^pde Maintenance 



Objectives: 



Upo 



n c^letic 



etion of thi? module, the. participant should be able to; . 



1. Clean and recondition a pH electrode, " ^ ^ ^ 4. 

2. Check the^fiber junction of a reference^ elec1:n)de for flow. ^ y 
3i. Clean an'S recondition a reference electrode." t ^ 



Instructional Aids: 



Handout- 




Instructional Approach: 

Lecture. 
Lab 



References: ^ ^ ^ ' • „ 

1. >il3.ard, Merrit, Dean ' Instrumental Metfiods of Analysis ,^ 5th 'Ed., Chap.' 20, 

D. Van Npstrand Co; < ^ / ^ ' •) 

2t Modem Chemical Technology, Volume 3, /Werican Chemical Society. ^Jy 
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Module Ho; 



Instructor Notes: 



Handout Paoes 
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Topic: ■■ ' 
Electrode 



Instructor Outline: 



1. Clean and recondition a pH electl^de. 

2. Check the fiber junction jof a reference 
electrode for flow. ^i 

: Clean and recondition a reference electrode. 



\ 
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COMBINATJON ELECTRODES 



Principles 



pH is^a measure of the acidity of a solution and is define4 as: 
pH = -logio + is the activity of the hydrogen ion. The glass membretne 
af a pH felectrode responds to the hydrogen ion activity by developing an* 
electrical. potential at the glass/liquid interface. At a constant temperature, 
this potential varies linearly with the pH of the solution being measured* 
the change in potential per pH unit is known as the 'si ope of the electrode. ' 
This value iacreases linearly with temperature. Theoretical slope is known 
as the Nersti an 'Slope and is identical to that developed by the hydrogen 
electrode. Slope value for^pH electrodes approximate theoretical values very 
closely. V . ' ' • * 

ir» ' 

The combination electrode contains tKe pH half-cell, with a 
buffered salt solution sealed into the electrode body, and its own reference ^ 
h-alf-c^l. The actual potential observed will be the sum of the separate 
potentials of the pH and reference half-cells. Since the potentials inside 
the pH electrode are fix^d by the filling solution, and the reference electrode 
potential is constant, any change in the potential* of the electrode system 
at a given temperature will be due* to fchanges'in the pH of the solution being - 
measured. ♦ ' - . ; . 

• * * 

Temperature Effects ' - < • * ^ . 

The effect of temperature on pH measurements depends on the 
reference electrode used, the pH of the solution within the pH electrode, and 
the pH of the test scT--tion. At a certain pH, temperature will haveOittle' 

28 
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effect on the potential of an electrode system. This is known as the 
isopotential point. Also, at some pH, the system will exhibit no potential. . 
This is known as the zero potential point. Both the isopotential and the 
zero potential point are features designed intothe electrodes. Most 
electrodes are designed so that the isopoten^al and zero potential points are 
both near pH 7 to minimize the tejnperature effects at this calibration point. 

General InfoTfrne^ ^ \ ' 

All combination electrodes have Ag/AgCI interrial elements fof both 
the pH and the refejrence hal f -cell Sf^ and all have ceramix: junctions. 

Precautions . ■ - ^ 



1.. Prior to use, remove the protective cap antTfill hole Qover to allow the 
^ flow of electrolyte. ^ _ ' ' , ' 

2. KCI crystals in either the electrode or in the filling, solution container 

will not adversely affect eithe.r the potential or operation of the 

electrode. At" room temperature, 4 M KCI is v§ry. close tO; saturation, andi 

low ambient temperatures are sufficient to cause precipitation of some 

Kci^ crystals fromj^ie electrolyte solution. :Extess KCI crystals may be 

removed, by Procedure No. 1 Section 3.3. Brown particles in either the 

electrode or the filling solution are silver chloride. Their presence. 

J 

is an indication that the electrolyte solution is properly saturated with 
silver chloride. - ^ • 

3. If it is neQessary to make electrolyte filling solution, high purity water 
should be used, along with reagent grade chemicals. ^AgCf is difficult 

to dissolve in 4 M KCI. ' Care shoUld be taken to ensure that the solution 

. ' 29 -r 
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effect onthe potential af an electrode system. This*is known as the . 
isopotential point. Also, at some pH, the system will exhibit no potential. 
This is known as the zero potential point. Both the isopotential and the 
zero potential point are features desjgned into the electrodes. Most 
'electrodes are designed so that the jsopotfential "and zero potential points are 
both near pH 7 to minimize the temperature effects at this calibration point. . 

General Information • , * ^ » . 

All combination electrodes have Ag/AgCI internal elements for both 
the pH and the reference half-celll, and all 'have ceranric junctions. 

Precautions . • 



1. Prior to use, remove the protective cap and fill hole cover to allow the 
flow of electrolyte. 

2. KCI crystals in either the electrode or in the filling solution container 
will not adversely affect either the potential or operation of the 
electrode. At room temperature, 4 M KCI is very close to saturation, and 
low ambient temperatures are suffi^ibnt to cause precipitation of some 
KCI crystals from tbe electrolyte solution*. Excess KCI crystals may be 

X as - 

removed by Procedure No. 1 under preventive maintenance section. Brown - 
particles in either the electrode or the filling solution are si Iyer 
chloride. Their presence Js an indication that the electrolyte solution 
is properly S9turated-with silver cWoride.' * ^ 

3. If, it is necessary to^Fpake electrolyte filling solution, high purity water - 
•should be used, along^with reagent gra^ie chemicals. AgCI is. difficult 

to dissolve in 4 M;;J<CI. Cafe should be taken* to ^ensure that the solution 



. ^_ .. ^ : . 

y 'is saturated, but not super-saturated, with AgCI. 

^ 4. When not is- use, the protective cap that comes with the eleCtro.de should 
be filled with a dilute buffer and replaced for storage. The 'fill hole 
enclosure should also be replaced to prevent evaporation and slow the 
flow of electroly^solution through the junction. 
Nfiw 'When transferring electrodes from one solution to another durifig 
measurements, rinse them with the solution to be measured next, or 
distilled water* » 

6. To optimize electrode performance, electrodes, buffers, and unknown samples 
should be equilibrated at the same, temperature prior to measurements. 

7. Electrical noise pick up. may' result if filling solution level is too low. 
Always maintain reference electrolyte above the fill hole. 

8. For all side arm electro4es, if a high flow of electrolyte solution is . 
> * 

desired or the electrode is to be used under external pressure conditions, 
the side arm enables the electrode to be internally pressurized. 
Pressurization may be accomplished by connecting a length rubber tubing 
to' th'^sicje-arm and the other end to a. reservoir of electrolyte filling ^ 
-Solution above the height of tl^e side arm*. Differential pressures of 
greater than 3 psi between the sample and the internal solution should 
be avoided. ' ^ 

Preventive Maintenan^ce 

1. The solution 4evel should be maintained above the internal element at all 
time's. If the solution iSu allowed to dry out, the excess salt .crystals ■ 
can be removed by rinsing out' the elect^de, first with hot distilled 

' water,- then rinse and refill with 4 M r.:? saturated with AgCI. After this, 

> 31 ■ ' 
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treatment, the electrode should hk allowed to soak in pH 7 bufferr for 
severaT hours before being used again. 

Under some circumstances, the ceramic reference junction may become 
c]ogged. This may result in unstable oa drifting meter readings. The 
junction may be tested by taking a resistance reading (No.' 3 below), or by 
wiping off the electrode tip and observing it after an, hour of air drying. 
A high resistance or failure of saturated crystals to appear at 'the 
junction indicate a clogged junction. A clogged junction may be caused 
by AgCr precipitate .in the function. AgCI is highly insoluble in piirev 
' water and is best removed by soaking the electrode tip in hot saturated 
KCI solution. If the junction remains clogged, place it in a v^arm 
solution of diluFe hydrochloric acid until it flows freely. 
3.. The resistance of the reference junction may be tested with aft ohmmeter. 
Iimerse tire electrode"^ into a beaker of saturated KCI. Connect one lead 
of the ohmmeter to the reference, connector and the other lead of the 
ohmmeter to the reference connector and the other lead of* the ohmmeter to 
the KCI solution. The resistance measured should be less than 50K. 
4. If Xhe pH bulb becpmes contaminated or'left dry, it may be reconditioned 
by placing the electrode tip in a 1.0 H solution of KOH for a few minutes, 
and then in a 1.0 M HCI for a few minutes. Rinse with distilled water 
and soak iri buffer solution. 
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ModgTe No: ' 



Approx. Time':/ 

♦ 

30 Min. 



.Module TitTe: 

plj Measurement ^ 



Submodule Title: 



Topic: 

Buffers 



' ^ 

Objectives: 

Upon completion of this module, -the participant should be able to: 

1. Differentiate between acidity, alkalinity and pH by discussioji buffering 
, and defining acidity, alkalinity, ^nd pH. 

2. Demonstrate schematically how a si rrple -buffer system works. 



Instructional Aids: 
Overheads 



Instructional Approach: 



Lecture 



l^ef 



erences: 



I 



1. Willard, Merrit, Dean - Instrumental Methods of Analysis, 5th Ed., Chap. 20, 
D. Van Nostrand Co. \ 

2. Modem Chemical Technology, Volume 3, American \hemicaT Society. 



Class Assignments: 
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Module Ho: 



Instructor Notes: 



Overhead Pages 



Topic: 
Buffers 



Page 33 ^f^7 > 



Instructor OutHne: 



^' ^Sl^u^!.^'^^^ ^^^^^^"^ ^^"f^i'ty' alkalinity, ^ 
Tr^/^.y buffering and defining 

acidity, alkalinity^and pH. . 

2. Demonstrate sch'ematically how 'a simple 
buffer .systemjl/orksj 
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Transparangy 

ALKALINITY - The capacity of a soLi;rioi to nei/tralize acids. It' is rcAsuRED 

BY TITRATION WITH STANDARD ACID TO A SPECIFIED pH. ■ . 



ACIDITY - The capacity of a solution^" to neiitralize alkali . It is measured" by 

TITRATI,ON WITH STANDARD BASE TO A' SPECIFIED pH. - ^ 

^ - - - 

It is EXPRESSED IN MILLIGRAMS PER LITER OF -EQUIVALENT CALCIUM CARBONATE. 



\ 
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Transpar/v^ 



\ 



A BUFFER SOLUTION CjjjsfSTS OF EITHER A >EAK AClb;ALpNG WITH a\ 
SALT 0F THAT ACID OR A.WE/^ BASE PLUS A SALT OF THE BA^V ' \ 
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In order to mai^itain a cxdnstant pH/ a buffer is used, 
a buffer ls a solution of a substance or combination bf ^ 
substances which resists a change in ph even wen a strong 
acid or base is added. — 
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Submodule Title: 
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Approx.^ Time: ' 
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' EVALUATION .. 

1 — , ^ 



Determine the p.H.of an unknown buffer solution given a pH meter electrode and standard 
buffers to an accuracy of + .1 pH unit. ^ - • 
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